Objective: To evaluate the effect of gestational age and prematurity-related morbidities on hospital costs and cost per quality-adjusted life-year (QALY) during the first 4 years of life.
B
EFORE THE ERA OF MODERN neonatal intensive care, almost all very preterm infants died soon after birth, whereas most of them survive today. However, very preterm infants require substantial health care services during the first year of life 1, 2 and still require more care later in childhood than full-term infants. [3] [4] [5] [6] Complications of prematurity, such as bronchopulmonary dysplasia, retinopathy of prematurity, necrotizing enterocolitis, and intraventricular hemorrhage, add to the costs of neonatal care. 1 Prematurity is also associated with increased chronic morbidity and disability. [7] [8] [9] [10] Several studies [11] [12] [13] have reported poorer health status for adolescents or young adults born extremely or very preterm compared with their full-term peers but not necessarily a lower self-perceived level of health.
Previous studies have demonstrated that the costs of the initial hospitalization in very preterm infants are high [14] [15] [16] and they increase with decreasing gestational age or birth weight. [15] [16] [17] [18] [19] [20] However, only a few studies 4, 5, 21 have evaluated the costs of prematurity beyond the first year of life. To our knowledge, quality of life and hospitalization costs have not been assessed in the same study population in children born very preterm.
The cost-effectiveness of the care of preterm infants is likely to be determined by long-term morbidities. We have previously shown 22 that long-term morbidities are strongly associated with a prolonged initial hospitalization and increased need for hospital care after initial discharge. Most severe prematurity-associated morbidities can be diagnosed by the first 3 to 5 years of life. 23 Assessing the costs in terms of quality-adjusted life-years (QALYs) enables us to describe the costeffectiveness of care. The objective of this study was to evaluate the economic impact of hospital care from very preterm birth during the first 4 years of life, taking into account the gestational age at birth and chronic morbidities. Our hypotheses were that the costs of the initial hospital care of very preterm infants comprise most of the total hospital costs and that most of the later costs are associated with prematurityrelated morbidities.
METHODS

POPULATION
Ours was a national register study covering all live-born very preterm infants (gestational age Ͻ32 weeks or a birth weight of Ͻ1501 g) born in Finland from January 1, 2000, through December 31, 2003. The study was approved by the ethics committee of the National Institute for Health and Welfare. Very preterm infants were delivered in 5 hospitals that have a level III neonatal intensive care unit (NICU) and 19 hospitals that have a level I or II NICU, as defined by the American Academy of Pediatrics Committee on Fetus and Newborn. 24 The number of very preterm infants born during the study period was 2495, of whom 395 were stillborn. Of the very preterm infants born alive, 1659 (79.0%) were born in the 5 level III NICUs. Twenty infants with incomplete medical birth register data, 47 infants with missing information on the length of their first care episode, and 3 infants with major disparity between birth weight and gestational age were excluded from the study, leaving a study sample of 2030 very preterm infants. There were 278 nonsurvivor infants, of whom 269 died before discharge home and 9 died after the initial discharge. All 200 609 full-term infants, defined as gestational age from 37 weeks, 0 days to 41 weeks, 6 days born in Finland from January 1, 2000, through December 31, 2003 were used as a control group.
DATA COLLECTION
Register data used in this study were collected from the National Medical Birth Register and the Hospital Discharge Register, maintained by the National Institute for Health and Welfare. The cost data were collected from the hospital databases. The patient-level data were linked by means of unique encrypted identification codes. All very preterm births occur in public hospitals in Finland, and these hospitals report to the registers used in this study. There are no private children's hospitals in Finland. The follow-up of healthy children in Finland is organized through well-child clinics; therefore, healthy children do not routinely visit the hospitals after the initial discharge. Preterm infants have their additional developmental follow-up visits in the outpatient clinics of the hospitals included in these data. In addition, all health problems requiring specialized care beyond primary care occur in the outpatient clinics of the same hospitals. Table 1 presents characteristics for those with and without original costs during the initial hospital stay. Most extremely preterm infants were born in hospitals with level III NICUs. Therefore, the gestational age and body weight were slightly higher for those with original costs because only 1 level II NICU provided us with the costs. However, the frequencies of later morbidities were similar in those with and without costs.
Costs of the initial length of stay (LOS) were imputed for those with missing cost data by assigning the mean cost per day of similar individuals (eg, sex, gestational age, multiple birth, and intrauterine growth) and multiplying it by the LOS. For full-term infants, the cost of the initial hospital stay was calculated according to diagnosis related groups based on patientlevel cost accounting. The diagnosis related group costing sample covers approximately 30% of all acute hospital care in Finland. Cost items include diagnostic tests, procedures, medical services, support services, and overhead costs.
Cost data were available for 10 053 (20.2%) of the very preterm infants' nonemergency outpatient visits and 144 847 (28.8%) of the controls' nonemergency outpatient visits; 1305 (30.0%) and 46 220 (26.5%) for the very preterm infants' and controls' emergency visits, respectively; and 1534 (22.2%) and 39 678 (24.4%) for inpatient visits for the same groups, respectively. The costs for later hospital stays were entered into the database for those with costs missing pertaining to the type of visit (emergency outpatient, nonemergency outpatient, and inpatient) and the diagnosis. In 439 (8.7%) of the emergency outpatient visits and 11 661 (25.6%) of the nonemergency outpatient visits, the diagnosis was missing. In those cases we used the average costs of the emergency and nonemergency outpatient visits. Those costs, using the currency rate of €1=US$1.47, were €286 ($429) and €231 ($349), respectively. Individuals were defined as having a morbidity related to prematurity if 1 or more of the following diagnoses, which have previously been shown to be overrepresented in our preterm population, 22 were reported at least once to the Hospital Discharge Register by the end of 2006: cerebral palsy (International Statistical 
Classification of Diseases, 10th Revision [ICD-10]
25 codes G80-83); seizure disorder (G40-47); later obstructive airway disease, including asthma and other obstructive airway diseases (J44-J45); hearing loss (H90-91); visual disturbances or blindness (H53-54); and other ophthalmologic problems, including disorders of ocular muscles,binocularmovement,accommodation,andrefraction(H49-52). Diagnoses for inpatient and outpatient visits were recorded. On the basis of the health care system in Finland, it can be expected that diagnoses of the studied disease groups can be reliably derived from hospital registers because these diseases are diagnosed and treated in specialized care in public hospitals.
The QALYs were based on health-related quality of life (HRQoL) according to a 17-dimension parental questionnaire (17D), as described in detail in an article by Rautava et al. 26 The 17D 27 contains 1 closed-ended question addressing each of the following health dimensions: mobility, vision, hearing, breathing, sleeping, eating, speech, elimination, school and hobbies, learning and memory, discomfort and symptoms, depression, distress, vitality, appearance, friends, and concentration. The questionnaire provides a single HRQoL score on a scale from 0 to 1, with 0 corresponding to being dead, 0.0162 to being unconscious or comatose, and 1 to having no problems in any dimension or full HRQoL. The QALYs by the age of 4 years were calculated by defining a HRQoL score for each day of life and then multiplying this by the number of days alive up to the age of 4 years. The HRQoL was assumed to be constant for all days after discharge from the initial hospitalization period. This home score was acquired from the parental 17D questionnaire at the age of 5 years. Separate HRQoL scores were estimated for the days of the initial hospitalization period in the very low-birthweight infants. Immediately after birth, the very low-birthweight infants were assumed to have an "all worst" HRQoL score, meaning that they were given the worst score for each 17D dimension; thus, the total 17D score was 0.13 after appropriate weighting of each dimension score. Before discharge to home, the HRQoL scores increased linearly from "all worst" to "home score," which was reached on the day of discharge. If the infant died during the initial hospitalization period, the "all worst" score linearly decreased to 0 until the day of death. The QALY was estimated for those with missing QALY according to morbidities and gestational age.
STATISTICAL ANALYSIS
The number of hospital visits and LOS were presented as means and medians; the costs were presented as means and standard deviations. All analyses were made separately according to gestational age and morbidities. We performed 2 tests on dichotomized variables; analyses of variance were used to compare means. P Ͻ .05 was considered statistically significant. All costs were presented in 2008 prices, and the discount rate was 3.0% per year. The average yearly rates were used in the currency conversions (for 2000, €1 =$0.92; for 2003, €1 = $1.13; for 2006, €1 = $1.26; and for 2008, €1 = $1.47). In the cost-per-QALY analysis, the total costs of care for survivors and nonsurvivors were divided by the total QALYs of survivors and nonsurvivors when calculating the cost per QALY according to gestational age. The nonsurvivors were removed from the analysis when determining the cost per QALY according to morbidities. The 95% confidence intervals were calculated by bootstrapping simulation. The analyses were performed with SAS statistical software, version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
The need for and costs of all types of hospital care were clearly lower among full-term controls than among children born very preterm ( Table 2 and Table 3 ; also, eTable 1 [available at http://www.archpediatrics.com). The greatest difference was observed in the initial LOS. The mean LOS was 3.5 days in the controls and 64 days in the very preterm infants. The number of nonemergency outpatient visits of the children born very preterm was almost 10-fold compared with that of the controls (23 vs 2.5 visits; Table 3 ). Prematurity-related morbidities were associated with increased costs in the very preterm population ( Table 3 ). The total costs in very preterm children without any of the studied morbidities were 44.0% of the total costs of children with multiple morbidities (P Ͻ.001). Hearing loss and cerebral palsy were associated with higher costs for nonemergency outpatient visits (PϽ .001 for each). Obstructive airway diseases and having 2 or more diagnoses were associated with the highest costs for later inpatient stays (P=.001 and PϽ.001, respectively) and for emergency outpatient visits (P Ͻ.001).
The need for hospital care and total costs of hospitalizations increased with decreasing gestational age in survivors. The initial hospital stay comprised 73.2% to 84.0% and the total first-year costs comprised 89.2% to 93.2% of the total 4-year costs in the very preterm population. Figure 1 shows that hospital costs accumulated during the first year of life in all gestational age groups. The hospitalization costs decreased with age in all gestational age groups and in all morbidity groups (Figure 2) . Gestational age was not significantly related to the costs of nonsurvivors; therefore, they are presented as 1 group in Tables 1 and 2 . The median LOS in the nonsurvivors was 1 day.
The QALYs and cost per QALY according to gestational age and morbidities are presented in Table 4 ; see also eTable 2. No significant differences were found in the cost per QALY between male and female infants. The total hospital cost per QALY (in 2008 currency) was €1181 ($1736) for full-term controls at 4 years of age. In the pre- term group, the mean cost per QALY was €19 245 ($28 290), ranging from €11 824 ($17 381) for those born at 32 weeks of gestation or later to €54 324 ($79 856) for those born at 23 weeks. The cost per QALY was €14 368 ($21 121) for those without any of the studied morbidities and €36 110 ($53 082) for those with 2 or more morbidities.
COMMENT
Our study shows that the average cost per QALY (in 2008 currency) in very preterm children at 4 years of age was €19 245, ranging from €11 824 to €54 324 ($28 290; from $17 381 to $79 856). Hospitalizations occurring during the first year of life, particularly the initial hospitalization, accounted for most of the total 4-year cost of hospital care. The later costs were low even in the lowest gestational age groups. Therefore, the cost per QALY will decrease with each additional follow-up year.
In relation to previous US studies, 15, 17, 20 prices. Likely explanations for the difference between the Swedish and US costs include real-wage differences and structural differences in the ways health care is organized in each country. In addition, the costs in the US studies are mostly based on costs to charges ratios. 15, 17, 18, 20 Charges are not accurate measures of hospital costs because they reflect different markups for different services. For example, a study 16 of very low-birth-weight infants in California demonstrated that the average charge for the initial hospitalization overestimated treatment costs by 53%. Using the costs to charges method is especially problematic when comparing the costs among different institutes because of different pricing policies. In addition, because of inflation, it is necessary to reflect differences in the year in which the costs were incurred. International cost comparisons are also affected by the currency rates used because the rates can vary greatly across different periods.
Compared with earlier studies in which the data have been collected from smaller geographic regions or limited populations or the costs of hospital care have been derived from indirect estimations, 14, 18 our study included the hospitalization data of actual visits for a 4-year national population cohort. We could analyze all hospital visits during the first 4 years of life because all hospital care for premature infants is given in public hospitals and comprehensively registered in the national registers in Finland. 28 Furthermore, we could distinguish inpatient care from outpatient care and emergency visits from nonemergency visits. Our limitation was that hospitalization costs were calculated from data from 5 hospitals but estimated for the rest. However, we could show that the patient characteristics were similar for those with and without original costs for the initial hospitalization. In addition, pediatric hospital care occurs in public hospitals in the entire country because there are no private pediatric hospitals in Finland. This factor supports our assertion of the homogeneity of costs.
We chose to study the actual hospitalization costs of the first 4 years of life and not to try to estimate future costs. Several factors support our approach. The cost per QALY was already relatively low at 4 years of life, and hospitalization costs decreased significantly with age in all gestational age groups and in all morbidity groups. Results from other studies also indicate a decreasing use of health care resources with age. Saigal et al 29 showed an age-related decrease in the use of health care resources in extremely low-birth-weight infants in young adulthood in terms of hospitalizations, surgical procedures, visits to specialists, and use of rehabilitative services. Using a decision analytic model, Mangham et al 21 estimated the costs to the public sector during the first 18 years after birth in England and Wales. They estimated that 97.4% of the incremental costs occurring during the first 18 years of life consist of the costs from the first 5 years of life, 1.6% from the primary-school years (ages 5-11), and only 1.1% from the secondary-school years (ages 11-18). Our study showed that two-thirds of the very preterm population without prematurityrelated morbidities had few hospital stays and outpatient visits after the first year of life. Therefore, it is unlikely that adding an estimation of future visits would increase the cost per QALY ratio. Although we do not know the costs for future education and use of other health care services, we can assume that the cost per QALY will decrease because the cost of the initial hospitalization will be divided by an increasing number of life-years.
Our study focused on the costs of hospitalizations. Previous studies 10, 30 have shown that preterm children have more academic, motor, psychosocial, and behavioral difficulties at school age. These problems are likely to affect the need for special care, therapies, and social services, resulting in additional costs. In addition, the families of the preterm infants may carry an economic burden because of, for example, lost income and the increased costs of traveling and accommodation. Mangham et al 21 estimated that of the costs during the first 18 years of life, 96.7% are incurred because of hospital inpatient and outpatient care, 0.9% because of community health care and social care, and 2.4% because of education. More studies are needed to assess the costs of school-aged prematurely born children with morbidities.
When evaluating the effectiveness of medical treatments, a standard method is incremental cost-effectiveness analysis. In our study, this approach was not applicable because incremental cost-effectiveness analysis compares 2 or more treatment strategies or technologies. In this context, withholding active treatment would result in death or severe morbidities. Theoretically, if the "not to treat" option would lead to the deaths of all infants, the added QALY would be 0 and the cost would be the cost of hospitalization of the mother, which on average would not exceed the cost for a healthy newborn (€1260 [$1852; 2008 currency] in our study). The resulting incremental cost per QALY would be very close to the actual cost per QALY presented in our study, supporting costeffectiveness of the care. However, in real life, the "not to treat" strategy would lead to severe morbidities with increasing costs. This supports even further the costeffectiveness of active treatment.
We conclude from this national study with actual hospital costs of very preterm infants that the cost per QALY is at an acceptable level by 4 years of age. Prematurityrelated later morbidities and decreasing gestational age increased the costs per QALY. The initial hospital stay accounted for most of the costs; thus, the cost per QALY will decrease with age. Most costs arising after the initial hospitalization were associated with morbidities related to prematurity. Therefore, offering high-quality neonatal care to prevent later morbidities in very preterm survivors has a long-term effect on the cost per QALY. The power of love to change bodies is legendary, built into folklore, common sense, and everyday experience. Love moves the flesh, it pushes matter around. . . . Throughout history, "tender loving care" has uniformly been recognized as a valuable element in healing.
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